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Abstract: To address the issues of excessive peripheral components, large volume, and high cost in the two-stage to-
pology used in conventional alternating current-direct current (AC-DC) power conversion solutions, this paper proposes a
single-stage AC-DC BUCK converter with high integration and multi-mode control, which realizes direct conversion from
high-voltage AC to low-voltage DC. Compared with traditional two-stage schemes or flyback topologies, the proposed solu-
tion effectively reduces the usage of peripheral components, significantly improves system integration, and lowers both sys-
tem volume and application cost. To enhance the conversion efficiency of the converter across the full load range, this paper
systematically analyzes the static loss, conduction loss, and dynamic loss of the BUCK converter, clarifies the relationships
between power loss and peak inductor current as well as switching frequency, and establishes a loss model. Based on the de-
rived loss model, the control curves of peak current and switching frequency that adaptively vary with load conditions are

determined, and a multi-mode control strategy combining pulse width modulation (PWM) and pulse frequency modulation
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(PFM) is adopted. The converter operates in a hybrid PWM/PFM mode under heavy load to balance load response speed
and output ripple suppression; switches to fixed-frequency PWM mode at medium load for optimized conversion efficiency;
and operates in PFM mode under light load to substantially reduce switching loss, thereby achieving high-efficiency control
under various load conditions. Meanwhile, to break the dependence of conventional drive circuits on off-chip VDD capaci-
tors, a high-voltage self-powered drive circuit without off-chip capacitors is designed. The circuit utilizes a depletion-mode
junction field-effect transistor (JFET) to realize chip self-power supply and provides drive current for the gate of the power
MOSEFET through its parasitic capacitance, requiring only an integrated 220 pF on-chip VDD capacitor, which further reduc-
es the number of peripheral devices and improves system integration. The proposed BUCK controller is designed and fabri-
cated based on the BCD process (0.25 wm, 700 V) . The chip integrates a power metal-oxide-semiconductor field effect tran-
sistor (MOSFET) and an on-chip VDD capacitor, with a core controller area of only 0.88 mm? excluding the power MOS-
FET. To further minimize peripheral components, the chip is co-packaged with a feedback diode and freewheeling diode,
leaving only an energy-storage inductor and an output capacitor as peripheral devices besides the bridge rectifier. In addi-
tion, the converter mainly operates in discontinuous conduction mode (DCM) and enters continuous conduction mode
(CCM) at full load, effectively reducing the volume of the output inductor. To verify the feasibility and performance of the
proposed scheme, a dedicated test platform is built for comprehensive measurements. The test results show that the convert-
er achieves a peak conversion efficiency of 78.4% at an input of 85 Vac and an output power of 1.5 W under extremely sim-
ple application conditions. It supports a wide input voltage range of 85-265 Vac with a stable 5 V output voltage. The load
regulation is better than +1.5%, the line regulation is better than 2.4%, and the maximum output current reaches 300 mA.
Keywords: BUCK; pulse frequency modulation; pulse width modulation; on-chip VDD capacitors; high integration
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Figure 2 Parasitic parameter model of BUCK converter
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Figure 10 Current operation circuit
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Figure 12 Key waveforms of self-powered control
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